dewater and require extreme caution when disposing of them (Siloniz et al., 2002a) . The use of microbial biomass of bacteria (Shakoori and Qureshi, 2000) , fungi (Rehman et al., 2007a) and algae (Feng and Aldrich, 2004 ) for removal of heavy metals from aqueous solution is gaining increasing attention. The high surface to volume ratio of microorganisms and their ability to detoxify metals are among the reasons that they are considered as a potential alternative to synthetic resins for remediation of dilute solutions of metals and solid wastes (Kapoor et al., 1999) .
Active uptake systems can take up both essential and non-essential metal ions and thus are of interest in bio-removal. The essential characteristics of a living biomass used in a metal ion removal process are tolerance and uptake capacities (Suh et al., 1998) . One of the most ubiquitous biomass types available for bioremediation of heavy metals at low pH is yeast. Yeast biomass is an inexpensive, readily available source of biomass. Furthermore, yeast cells retain their ability to accumulate a broad range of heavy metals to varying degrees under a wide range of external conditions (Villegas et al., 2005) .
The aim of this work was to isolate cadmium resistant yeasts from polluted areas, investigate the responses of growing yeast to cadmium stress and to ascertain the ability of yeast isolates to remove cadmium from a culture medium and wastewater.
Materials and Methods
Sample collection. Wastewater samples were collected in screw capped sterilized bottles from an industrial area of Sheikhupura (Pakistan). Some physicochemical parameters of wastewater viz., temperature ( C), pH and cadmium (mg/L) were measured (APHA, 1992) .
Isolation of cadmium-resistant yeast. For isolation of cadmium tolerant yeasts, 100 μl of the wastewater sample was spread on YEPD (yeast extract, peptone and dextrose) agar plates containing 0.05 mg of Cd(II)/L of the medium. YEPD agar plates were prepared by dissolving 1 g of yeast extract, 0.5 g peptone and 0.2 g glucose in 100 ml distilled water, adjusting the pH to 7.2 to 7.5 and then adding 1.5 g agar to the 250 ml fl asks. The medium was autoclaved at 121 C and 15 lb (6.8 kg) pressure for 15 min. The growth of the yeast colonies was observed after 48 h of incubation at 30 C. Isolated colonies were picked up with sterilized wire loops and streaked on YEPD agar medium plates containing 100 mg Cd(II)/L. They were again incubated at 30 C for 48 h. This process was repeated with successively higher concentrations of Cd(II) (150, 200 , and 250 up to 2,800 mg Cd(II)/L) until the minimum inhibitory concentration (MIC) of each isolate was obtained. The MIC is defi ned as the lowest concentration of Cd(II) at which a single colony-derived streak could not grow.
Physical, biochemical and molecular characterization of the yeast isolate. For biochemical characterization the yeast isolate was tested for colony morphology, spore staining, starch hydrolysis, ester production, nitrate reduction, citrate utilization, acid production from glucose, ammonia from urea, fermentation of carbohydrates, and tolerance of 1% acetic acid. For physical and biochemical characterization of yeast isolate the criteria adopted by Benson (1994) were followed. For further identifi cation, genomic DNA was isolated and the 18S rRNA gene was amplifi ed by PCR using two general yeast 18S rRNA primers (ITS-5; 5 -GGAAGTAAAAGTCGTAACAACG-3 , ITS-4; 5 -TCC TCCGCTTATTGATATGC-3 ). PCR reaction conditions were as per Larena et al. (1999) . The PCR product of (approx. 0.58 kb) was cleaned up using a Fermentas purifi cation kit (#K0513). Sequencing was carried out by Genetic analysis system model CEQ-800 (Beckman), Coulter, Inc., Fullerton, CA, USA. Nucleotide sequence similarities were determined using BLAST (NCBI database; http://www.ncbi.nlm.nih.gov/BLAST). The sequence was aligned with close matches using the ExPasy-Tools (Clustal W) multiple sequence alignment program (http://www.ebi.ac.uk/Tools/clustalw2/ index.html).
Determination of optimum growth conditions. For optimum growth of the yeast isolate, two parameters, i.e. temperature and pH, were considered. For determination of optimum temperature, 5 ml YEPD broth was added to 5 sets of three test tubes each, autoclaved and inoculated with 20 μl of freshly prepared culture of yeast isolate. The fi ve sets of tubes were incubated at 20 C, 25 C, 30 C, 35 C and 40 C. After an incubation of 16 h, the absorbance was taken at 600 nm using a LAMBDA 650 UV/Vis Spectrophotometer (PerkinElmer, USA). For determination of optimum pH, test tubes having 5 ml YEPD broth were prepared in 7 sets, each containing 3 test tubes, and pH was adjusted at 4, 5, 6, 7, 8, 9 or 10 and then autoclaved. These tubes were inoculated with 20 μl freshly pre-pared culture of the yeast isolate. After an incubation period of 16 h, the absorbance was taken at 600 nm.
Growth curves of yeast isolate. The effect of Cd(II) on the growth of yeast isolate was determined in YEPD medium supplemented with Cd(II) (100 mg/L). For yeast isolate 100 ml YEPD broth was taken in two sets consisting of 3 fl asks, autoclaved and then one set (3 fl asks, control) inoculated with 100 μl of the freshly prepared inoculum but no metal ions were added to the medium. The other three fl asks (treated), inoculated with 100 μl of inoculum, were maintained at a concentration of 100 mg Cd(II)/L. These fl asks were incubated at 30 C in a shaker at 60 80 rpm. An aliquot of culture was taken out in an oven sterilized tube, at regular intervals of 0, 4, 8, 12, 16, 20, 24, 28, 32, 36 and 48 h. Absorbance was taken at 600 nm.
Cross metal resistance. The cross heavy metal resistance of the yeast isolate was determined by using stock solutions of 10 g/L of different metal salts (cadmium chloride, copper sulphate, lead nitrate, nickel chloride, mercuric chloride, potassium dichromate and zinc sulphate). Cadmium was present at concentration of 100 mg/L in solutions that were used to check the minimum inhibitory concentration against respective metals. Metals were added separately to the medium. The cross metal resistance was determined by increasing the concentration of the respective metal in a stepwise manner with 100 mg/L of metal checked resistance. This procedure was repeated with higher concentrations of each metal ion in the medium. Every time, 100 mg/L more of each metal ion was added than in the previous step, until the MIC of each metal was obtained. Inoculated cultures, containing metal ions, were incubated at 30 C for a maximum period of 4 days.
Estimation of Cd(II) (Kujan et al., 2005) to minimize the complexation of the heavy metal ions. The control culture medium was also run for cadmium containing the same concentration as the treated one, i.e. 100 mg/L but was without the yeast isolate. The cultures were incubated at 30 C for 96 h and from each medium (control and treated) 5 ml culture was taken out under sterilized conditions after 48, 96 and 144 h.
The cultures were spun down at 3,000 rpm for 5 min and the supernatants were used for the estimation of Cd  by atomic absorption spectrophotometer (Varian, USA) at a wavelength of 228.8 nm. In the present study metal uptake values were determined from the difference in fi nal metal concentration between the control fl ask without cells and a test fl ask with cells at different time periods. The amount of metal in the supernatants was determined by using a standard curve. The percentage reduction in the amount of Cd in the medium was calculated.
Removal of cadmium on a large scale. To check the effi cacy of yeast cells to remove cadmium from wastewater a lab-scale experiment was set up. Three plastic containers were taken. In the fi rst container 10 L of tap water was taken along with 1.5 L of yeast isolate grown to log phase. In the second container 10 L of industrial effl uent (temperature, 32.5 C; pH, 7.4; dissolved oxygen, 0.00146 0.04 g/L; Cu(II), 1.370 0.03 mg/L; and Cd  (II), 1.34 0.03 mg/L) was taken along with 1.5 L of 48 h grown yeast culture. In the third container only 10 L of industrial effl uent was taken and 100 mg/L of Cd stress was maintained in each container. The experiment was carried out at room temperature (25 2 C). After 6 and 12 days of incubation samples were taken, centrifuged to separate the cells, and the supernatants used to estimate the amount of Cd in wastewater and the quantity removed by the yeast cells.
Uptake of cadmium in the presence of metabolic inhibitors. This experiment was performed to check the effect of inhibitors on the metal uptake ability of the yeast isolate. Cadmium removal was monitored in the presence of 2,4-dinitrophenol (DNP, 1 mM) and N,Ndicyclohexylcarbodiimide (DCC, 100 μM). Yeast cells were grown in 500 ml Erlenmeyer fl asks containing 100 ml of YEPD medium with 1% inoculum. Flasks were incubated on an orbital shaker at 30 C and agitated at 150 rpm. At the mid-exponential growth phase, inhibitor was added to the liquid medium. Both inhibitors were added 15 min before the addition of cadmium (100 mg/L).
Samples (10 ml) were withdrawn from the culture fl asks at defi ned intervals, harvested by centrifugation at 6,000 rpm (EBA 20, Hettich Zentrifugen) for 10 min, and the supernatants were transferred to sterilized test tubes and were used for metal estimation. The pellet was washed three times with distilled water and the pellet obtained was divided into two portions. One portion was washed three times in 0.1 M EDTA for 10 min. The amount of cadmium associated with the cell biomass was removed as the EDTA washable fraction present at the cell surface, thereby allowing only intracellular Cd to be measured. The second portion was washed with distilled water and centrifuged at 14,000 rpm for 5 min. After centrifugation, the supernatant was discarded. The pellet was further used for acid digestion by adding 0.2 N HNO 3 (1 1) (almost 200 μl), and left overnight for complete acid digestion. Acid digested tubes were used for estimation of total metal content, i.e., the metal adsorbed on the surface of the organism as well as that taken intracellularly. Intracellular Cd was determined by subtracting the amount of absorbed metal from the total metal content.
Estimation of glutathione and other non-protein thiol content. Reduced glutathione (GSH), oxidized glutathione (GSSG) and the total glutathione contents were determined according to Israr et al. (2006) with some modifi cation. Briefl y, 100 ml of YEPD broth medium in each of three 250 ml fl asks, two treated and one as control, was inoculated with 1 ml of fresh yeast culture and incubated at 30 C. After 24 h, Cd 2+ was added at 100 mg/L to the treated fl asks and incubated at 30 C. After 48 h, the cultures were centrifuged at 1,275 g (EBA 20, Hettich Zentrifugen) and weighed (UX 320G, Shimadzu Corporation, Japan). One milliliter of 5% sulfosalicylic acid was added and the cells were sonicated (Heilscher Ultrasonic Processors UP 400, S) at 4 C 2 3 times for 15 s with a 60 s interval. The sonicate was centrifuged at 1,120 g for 10 min. The supernatant was used for estimation of glutathione and nonprotein thiols.
For estimation of GSH, 0.5 ml of reaction buffer [0.1 M phosphate buffer (pH 7), 0.5 mM EDTA] was added to 0.5 ml of the above aliquot and 50 μl of 3 mM 5 dithio-bis-(2-nitrobenzoic acid) was added. After 5 min, absorbance was taken at 412 nm. In the same eppendorf tube, 100 μl of 0.4 mM of NADPH 2 and 2 μl glutathione reductase (GR) was added. After 20 min, O.D was taken at 412 nm for the determination of total glutathione. The amount of GSSG was calculated by subtracting GSH from total glutathione concentrations. A standard curve was prepared from varying concentrations of reduced glutathione. A standard curve was prepared from varying concentrations of cysteine to calculate other non-protein thiol content in samples.
Statistical analysis.
Observations were made and all the experiments were repeated two or more times; the results reported are average values. The notable signifi cant differences were calculated using Student s t-test wherever applicable.
Results

Physicochemical characteristics of industrial wastewater
Some physicochemical characteristics of industrial wastewater were ascertained, from where the metal tolerant yeast was isolated. The temperature of different samples ranged between 28 C and 39 C, pH ranged between 5.5 and 9.0, dissolved oxygen between 0.340 0.01 and 1.35 0.01 mg/L and Cd 2+ between 1.43 0.04 and 1.82 0.01 mg/L.
Screening of Cd-resistant yeast
The wastewater samples were spread on YEPD agar plates supplemented with 100 mg/L of cadmium. Morphologically six different colonies were observed. Metal stress was increased in a stepwise manner and finally two isolates capable of growth at high cadmium concentration were selected and designated as CBLYCd1 and CBLY-Cd2. CBLY-Cd1 and CBLY-Cd2 were found to resist cadmium at concentrations of 2,800 and 1,800 mg/L, respectively. The highest Cd-resistant yeast isolate (CBLY-Cd1) was used for further study.
Identifi cation of yeast isolate
The morphological and biochemical characteristics of the yeast isolate are shown in Table 1 . The partially amplifi ed (580 bp) and sequenced 18S rRNA gene from the local isolate (CBLY-Cd1) was uploaded to the NCBI (National Center for Biotechnology Information) website to search for similarity to known DNA sequences and to confi rm the species of the locally isolated yeast. The BLAST query revealed that this gene is 100% homologous to an already reported gene of Candida tropicalis strain ATCC 750 (AY 939810.1). The nucleotide sequences coding for the 18S rRNA gene of C. tropicalis CBL-1 have been submitted to the GenBank database under accession number EU 594607. Other close matches included C. tropicalis isolate UR 9344-03, AY939801 (gi/65306744; 100% similarity), C. tropicalis EU288196 (gi/162424886; 100% similarity), C. tropicalis strain WC65-1 EF190223 (gi/124365216; 100% similarity), C. tropicalis strain w-14-1 EF198020 (gi/122059244; 99% similarity) and C. tropicalis EF216862 (gi/125381275; 98% similarity).
Optimum growth conditions
The most suitable temperature for the growth of the cadmium-resistant yeast isolate was found to be 30 C. Maximum growth for C. tropicalis CBL-1 was observed at pH 7. The growth curve pattern was studied by growing C. tropicalis CBL-1 in the presence of Cd(II) (100 mg/L) and comparing it with the control culture to which no metal ions were added. The growth pattern of C. tropicalis CBL-1 (control) was signifi cantly different from the growth pattern of the yeast isolate in the presence of Cd(II). It is interesting to note that the lag phase of the yeast isolate was extended in Cdtreated culture medium. The growth pattern is shown in Fig. 1 .
Heavy metal resistance
C. tropicalis CBL-1 was found to be resistant to cadmium up to a concentration of 2,800 mg/L. The yeast could also tolerate Cu(II) (2,200 mg/L), Cr(VI) (2,000 mg/L), Hg(II) (2,400 mg/L), Ni(II) (2,200 mg/L), Pb(II) (1,100 mg/L) and Zn(II) (3,100 mg/L). C. tropicalis CBL-1 showed maximum resistance against Zn
at a concentration of 3,100 mg/L and the order of resistance regarding the metal concentration (mM) was Cu(II) Zn(II) Ni(II) Hg(II) Cr(VI) Pb(II).
Metal processing ability
The cadmium processing capability the yeast isolate was checked by adding Cd(II) at 100 mg/L to the culture medium (Fig. 2) . C. tropicalis CBL-1 could remove 70% of cadmium from the medium after 144 h of incubation. The yeast was also capable of decreasing Cd(II) ions by 59%, and 64% from the medium after 48 and 96 h, respectively.
Removal of cadmium from aqueous solutions at labscale
In order to assess the ability of the yeast C. tropicalis CBL-1 to remove Cd(II) ions from contaminated indus- The yeast cells were inoculated in three 250 ml fl asks with 100 ml of defi ned culture medium containing 100 μg/ml of cadmium. The control did not contain cells of the yeast. A fi ve ml culture was taken out from each fl ask 48, 96 and 144 h after inoculation, spun down and the supernatant used for cadmium estimation with an Atomic Absorption Spectrophotometer. The mean of three readings and % age removal from the medium were plotted against time in hours. Vol. 56 REHMAN, ANJUM, and HASNAIN trial effl uents a lab-scale experiment was performed. C. tropicalis CBL-1 was observed to remove 46% of cadmium from the wastewater after 6 days and was also able to remove 60% from the wastewater after 12 days. The yeast took up 29 and 42 mg/L of cadmium from distilled water containing 100 mg Cd/L within 6 and 12 days, respectively (Fig. 3) . The original fl ora present in the wastewater was able to remove 20 and 30 mg/L Cd(II) after 6 and 12 days, respectively which was 56 and 50% less than the removal of Cd(II) from the original wastewater containing C. tropicalis (Fig.  3) . This clearly indicates that C. tropicalis not only survived in the industrial effl uents but also effi ciently removed Cd(II) from the wastewater.
Cadmium uptake in the presence of metabolic inhibitors
The total cadmium uptake was appreciably reduced in the presence of metabolic inhibitors during the 5 h of accumulation process. Total cadmium uptake was 83 mg/L in the control medium while in DNP and DCC the Cd uptake was 59.1 and 68.7 mg/L, respectively (Fig. 4) . The reduction in total Cd uptake in the presence of DNP and DCC was 28.9% and 17.23%, respectively. Figure 4 also shows the intracellular cadmium concentration in yeast biomass with and without metabolic inhibitors. The maximum Cd contents (52.5 mg/L) were measured in the medium containing no inhibitors. Maximum Cd uptake from the medium containing DNP and DCC was 20.5 and 35.2 mg/L, respectively.
Measurement of GSH and non-protein thiols
Cd treatment altered the levels of GSH and GSSG in C. tropicalis CBL-1 (Table 2 ). Cd at a concentration of 100 mg/L signifi cantly increased the GSH level (37%) and GSH/GSSG ratio (117.65%) with respect to the control. The NPSH content in the presence of 100 mg Cd/L was 3.90 0.8 μmol/g compared with the control 3.30 0.7 μmol/g. The level of NPSH also showed a signifi cant increase (18%) in Cd-treated yeast cells. Cd produced an increase in GSH and non-protein thiol levels by 37 and 18% at the 100 mg/L concentration, respectively. 
Discussion
In the present study the growth rate of the yeast isolate in the presence of Cd(II) was lower as compared with that of a non-treated yeast culture. This happened because of a higher concentration of metals that probably poisoned essential biochemical reactions (Perego and Howell, 1997) . The growth period was delayed when the concentration of heavy metal was increased (Brady et al., 1994) . Slow growth of the yeast Candida intermedia strain was observed at 50 mg/L copper, and the lag growth phase was very extended (Fujs et al., 2005) . Specifi c growth rates in yeasts were decreased at different concentrations of cadmium, copper and zinc, depending on the type of yeast (Balsalobre et al., 2003) .
Microbial detoxifi cation of metal ions is achieved by several mechanisms including regulation of uptake, transformation into less toxic species and intracellular immobilization (Gharieb and Gadd, 1998; Rama Rao et al., 1997) . Glutathione (GSH) is present in most living cells and has been shown to play numerous roles, such as protection against oxidative stress, detoxifi cation, transport and enzymatic catalysis (Kim et al., 2005; Penninckx, 2002) . In yeast, the main defense mechanism against Cd consists of exporting the GSHmetal complex into the vacuole; this compartmentation requires energy and involves the protein Ycf1 (Li et al., 1997) . However, the destination of this complex inside the vacuole is unknown.
The present study clearly indicates the importance of glutathione and non-protein thiols in Cd accumulation and detoxifi cation. Intracellular concentration of GSSG increases at the expense of GSH under stress conditions. Cd treatment signifi cantly enhanced the GSH/GSSG ratio at 100 mg/L of Cd. This indicates the potential of C. tropicalis CBL-1 to tolerate Cd stress. Cd treatment also increased the contents of NPSH in C. tropicalis CBL-1 and this increase in NPSH was less than that in GSH as a result of Cd treatment. At a concentration of 100 mg/L of Cd, the contents of NPSH increased by 18%, while GSH increased by 37%, compared to the control. An increase in GSH and NPSH under Cd stress indicates the role of thiols and GSH in Cd tolerance and accumulation in C. tropicalis CBL-1. Thiols are essential agents in cellular redox signaling and control in animals, plants and fungi (Moran et al., 2001; Noctor et al., 2002; Pócsi et al., 2004) . Delhaize et al. (1989) reported that glutathione decreased Cd(II) toxicity and was also present at low levels in a Cd-tolerant strain of Datura innoxia compared with a sensitive strain. The intracellular glutathione in mice functions in protection against Cd(II) toxicity, and this tripeptide provides the fi rst line of defense against Cd before induction of metallothionein synthesis occurs (Singhal et al., 1987) . Gharieb and Gadd (2004) reported direct evidence for the involvement of glutathione in Cd detoxifi cation in Saccharomyces cerevisiae.
Removal of heavy metals from wastewater is normally achieved by advanced technologies such as ion exchange, chemical precipitation, ultra fi ltration, or electrochemical deposition. These technologies do not seem to be economically feasible for metal removal because of their relatively high costs. Therefore, there is a need to look into alternatives which are effective and economic, and can be used by industries. More practical methods are being explored. One of these methods is to isolate heavy metal-resistant microorganisms, as these have evolved strategies to cope up with stressed conditions (Stadler et al., 2004) . Bioremediation of heavy metals using microorganisms has received a great deal of attention in recent years for its potential application in industry, as it is nondestructive and economical (Rehman et al., 2007b; RiseRoberts, 1998) .
Cadmium tolerance and bioaccumulation has been studied in bacteria (Gaballa and Helmann, 2003; Ganguly and Jana, 2002; Hu et al., 2007) , cyanobacteria (Inthorn et al., 1996) , algae (Feng and Aldrich, 2004) and fungi (Holan and Volesky, 1995; Yan and Viraraghavan, 2003) . In the present investigation C. tropicalis CBL-1 was found to be resistant to cadmium up to a concentration of 2,800 mg/L. Cadmium-resistant C. tropicalis CBL-1 was also found to be resistant to other metal ions and the order of resistance regarding the metal concentration (mM) was Cu(II) Zn(II) Ni(II) Hg(II) Cr(VI) Pb(II). Zafar et al. (2007) reported the metal tolerance and biosorption potential of fi lamentous fungi isolated from metal contaminated agricultural soil and tolerance among fi lamentous fungi was observed in order of Cu Cr Cd Co Ni. Li and Yuan (2006) reported that Rhodotorula sp. Y11 was resistant and the highest metal uptake value obtained was 19.38 mg/g by boiling treated yeast cells. Candida albicans and C. tropicalis are known for high levels of resistance to the water-soluble ions Hg(II), Pb(II), Cd(II), arsenate (AsO 4 3 ) and selenite (SeO 3 2 ) (Berdicevsky et al., 1993) . Many Candida spp. also have the capacity to adsorb and/or accumulate metals from their surroundings (Podgorskii et al., 2004) .
In the present study C. tropicalis CBL-1 showed a fairly high capability to remove metal from the environment. The percent removal of cadmium was 70%. The strain was also capable of decreasing Cd  (II) ions (100 mg/L) by 59% and 64% from the medium after 48 and 96 h, respectively. In the same context, Shakoori et al. (2005) reported the potential of CMBLY Pb-2 to remove 62% of Pb(II) within 96 h in a culture medium containing 0.1 mg Pb(II)/L.
The metal uptake, which is an energy-dependent process, was confi rmed in the presence of DNP and DCC, which uncouple ATP synthesis from electron transport; they collapse a proton gradient by transporting protons across the membrane. In the presence of metabolic inhibitors, less ATP synthesis takes place and less metal will be uptaken by the organisms. In the present investigation, a signifi cant decrease of total cadmium uptake was observed in the presence of DNP and DCC, which confi rms that the main mechanism of metal removal from the medium/environment by C. tropicalis CBL-1 is metal accumulation. Both inhibitors decreased total Cd uptake when compared with the control. The decrease of Cd uptake in the presence of DNP and DCC was 28.9% and 17.23%, respectively. The intracellular cadmium accumulation was also greatly inhibited by the presence of inhibitors. The % decrease in Cd-accumulation both in DNP and DCC was 61% and 33%, respectively. This low cadmium-accumulation in the presence of inhibitors indicates that Cd-accumulation requires ATPase activity in C. tropicalis CBL-1. Our results are in good agreement with Li et al. (2008) .
Accumulation of cadmium in yeast cells was significantly decreased in the presence of both metabolic inhibitors, DNP and DCC, indicating its dependence on ATPase activity. Similar results were also reported by other workers (Li et al., 2008; Malekzadeh et al., 2002) . Yeast growth in the presence of metabolic inhibitors indicates metabolism-dependent and metabolism-independent processes of the heavy metal resistance mechanisms. Rehman et al. (2007a) reported that C. tropicalis culture grown in a medium containing Cu(II) (100 mg/L) could reduce 74% of copper from the medium after 96 h of incubation. The yeast was also capable of decreasing Cu(II) ions by 16%, 20%, 29%, 43%, 46%, 55% and 68% from the medium after 6, 12, 18, 24, 30, 48 and 72 h, respectively. C. tropicalis was observed to remove 64% of copper from industrial wastewater after 4 days and 74% after 8 days.
In order to assess the ability of the yeast isolate to decrease Cd(II) in contaminated industrial effl uents, a mini large-scale experiment was done. Industrial wastewaters harbor a variety of microorganisms including bacteria, fungi, algae and ciliates. They were able to remove only 20 and 30% of cadmium but C. tropicalis was able to remove 46 and 60% of cadmium after 6 and 12 days of incubation at room temperature. This 50% greater removal of Cd(II) from the wastewater containing C. tropicalis when compared with the original micro-fl ora present in the industrial effl uent after 12 days indicates the extent of C. tropicalis survival and removal of Cd(II) from the industrial wastewater. C. tropicalis was able to uptake 29 and 42 mg/L of Cd(II) from distilled water after 6 and 12 days, respectively. The amount of Cd-removal from effl uent + C. tropicalis was higher than that from distilled water + C. tropicalis due to the presence of microorganisms in the wastewater. These microorganisms also contribute in removing cadmium ions from the wastewater but these microorganisms were not present in distilled water and the total Cd-removal was done only by C. tropicalis (42 mg Cd/L after 12 days) while microorganisms along with C. tropicalis were able to remove 60 mg Cd/L after 12 days from the industrial effl uent.
Nutrient stress conditions sometimes have a retarding effect on the uptake ability of microorganisms. Sometimes indigenous microorganisms compete with other microorganisms for space and food. No doubt the variations in the physical (pH and temperature) and chemical (different toxic metal ions and complex organic molecules) environment of effl uent affect the metal accumulation ability of the micro-fl ora. In the present study C. tropicalis CBL-1 not only exhibited the ability to synergistically survive in contaminated wastewater but also demonstrated a marked increase in remediation of toxic Cd(II) in its presence. However, the yeast isolate under study was able to appreciably decrease the Cd level from the industrial wastewater along with the micro-fl ora. This affi rms the potential role of the C. tropicalis CBL-1 in bioremediation of industrial effl uents polluted with cadmium. Siloniz et al. (2002b) described the ability of yeast, isolated from sewage sludge, to take up cadmium in response to increasing concentrations of this metal in the culture medium. Moreover Balsalobre et al. (2003) indicated that both the tolerance to metals and the capacity of the uptake are dependent on ionic metal and yeast species.
Conclusion
C. tropicalis CBL-1 showed high resistance against different heavy metal ions ranging from 1,100 to 3,100 mg/L. C. tropicalis CBL-1 could remove Cd  (II) 59%, 64% and 70% from the medium after 48, 96 and 144 h, respectively. C. tropicalis CBL-1 was also able to remove Cd(II) 46% and 60% from wastewater after 6 and 12 days, respectively. Total and intracellular Cd uptake was decreased in the presence of energy inhibitors. Total Cd uptake in 2,4-dinitrophenol (DNP) and N,N -dicyclohexylcarbodiimide (DCC) was 59.1 and 68.7 mg/L, respectively while intracellular Cd uptake from the medium containing DNP and DCC was 20.5 and 35.2 mg/L, respectively. Cd produced an increase in GSH and NPSH level by 37 and 18% at a 100 mg/L concentration, respectively. C. tropicalis CBL-1 accumulated a substantial amount of Cd(II) from the medium (70%) and wastewater (60%) and is adaptable to the local environmental conditions. Therefore C. tropicalis CBL-1 may be applicable for the treatment of cadmium-containing wastewater.
